Background: This study examined the nutritional intake of 9-11 year old children in Wales, UK, to assess the rationale for, and potential of, school breakfast initiatives. It also examined the possible unintended consequence of over consumption. Methods: The study employed a cross-sectional observational design within a randomized controlled trial of a free school breakfast programme. A total of 111 primary schools were randomly assigned to an intervention condition (in which a free school breakfast programme was implemented) or a control condition (in which implementation of the scheme was delayed). Sub-samples of children completed multiple-pass 24-hr dietary recall interviews at baseline (n = 581), and 12 months later (n = 582). Deprivation was assessed for each child in terms of whether or not they were entitled to free school meals. Results: Prior to the introduction of the programme, rates of breakfast skipping were low and there was little evidence of widespread nutritional deficiency. However, there was a subset of children who consumed inadequate levels of a range of vitamins and minerals and 29 % of children ate very little for breakfast (less than 100 kcal). Children that ate larger breakfasts, had higher daily intakes of all nutrients that were examined. Children from deprived backgrounds consumed significantly lower levels of several vitamins and minerals at breakfast. Following the introduction of the breakfast scheme in intervention schools, there was little difference in the nutritional quality of school versus home breakfasts (n = 35 and 211 respectively). Where children ate breakfast at both school and home (n = 33), their overall energy intake was higher, but not significantly so.
Background
Research suggests that breakfast makes an important contribution toward the diets of primary school children. For example, studies conducted in North America and Europe have found that children who eat breakfast tend to have higher intakes of vitamin A, vitamin C, riboflavin, calcium, zinc, iron and fibre [1] . Conversely, breakfast skipping has been linked to dietary inadequacy. For example, a study of African American children found that amongst those who skipped breakfast, substantial proportions consumed less than 50 % of the recommended daily intakes of a wide range of nutrients, including vitamin C, vitamin A, vitamin E, calcium and iron [2] . Similarly, research in New Zealand found that children who skipped breakfast were less likely to achieve the recommended intake of fruit and vegetables [3] . Additionally, a number of studies have linked breakfast skipping to an increased risk of overweight and obesity [1, 4, 5] .
However, despite these advantages, breakfast consumption amongst children has declined [6] [7] [8] , with some studies reporting that up to 20 % of primary age children regularly skip breakfast [4, 9] . Breakfast skipping may be particularly pronounced amongst children of lower socioeconomic status [10] that may in turn contribute to health inequalities.
It is within this context that a number of governments have set up school breakfast initiatives with both nutritional and educational aims [11] . However, little is known about their effects on diet since few rigorous evaluations have been conducted. One exception is a recent randomized controlled trial evaluation of a North American free school breakfast programme. Whilst this showed that the programme improved the nutritional quality of breakfast, it had no impact on rates of breakfast skipping or on dietary intake over a 24-hr period [12] . There has also been some concern that school breakfasts may inadvertently increase intake of saturated fat and contribute to obesity, particularly where children may be consuming two breakfasts [13, 14] . Consequently, there is a need to assess such unintended consequences.
However, given the diversity of populations at which breakfast programmes may be targeted, together with the range of foods that may be provided, it is difficult to draw any general conclusions about their potential effects. For example, whilst they may have considerable benefits where diet tends to be poor, they may have limited impact where children are already well-nourished. Breakfast programmes may also help reduce health inequalities even where their overall effect is minimal. For these reasons, examining the nutritional profile of a target population provides important contextual information in which to interpret the effects of a breakfast intervention.
The present study examines dietary data collected during the evaluation of the Welsh Assembly Primary School Free Breakfast Initiative. This programme was launched in 2004 with a view to improve children's health and educational attainment, as well as reduce health inequalities. It was rolled out in such a way as to allow a cluster randomized controlled trial evaluation and included dietary questionnaires collected with over 4,000 children aged 9-11 years. These questionnaires enabled analyses of numbers of 'healthy' versus 'unhealthy' food items (e.g., fruit versus crisps) consumed at breakfast and throughout the day. The data indicated that the programme increased the number of breakfasts consumed at school versus home, and also increased the number of healthy food items consumed at breakfast [15] ; these increases in consumption of healthy food items were largest in more deprived schools [16] . The data also showed that children in more deprived schools ate more 'unhealthy' and fewer 'healthy' items prior to the introduction of the programme [17] .
The present paper examines additional dietary recall interview data collected during this evaluation both prior to, and following, the introduction of the breakfast scheme. Since the dietary recall interviews were considerably more labour intensive than the dietary questionnaires, they were conducted with a subset of children only and thus were not sufficiently powered to evaluate the effects of the breakfast programme. However, unlike the dietary questionnaire, the interview included questions about portion size and the data were of sufficient detail to estimate intake of specific nutrients. The present paper uses these data to provide a more detailed analysis of the nutritional intake of these children. The analyses aimed to explore the need for breakfast provision by examining: (1) The overall quality of these children's diets, (2) breakfast quality amongst children from deprived versus nondeprived households, and (3) associations between breakfast size and overall diet quality, prior to the introduction of the breakfast programme. Whilst several studies have examined the relationship between breakfast skipping and nutritional intake [4, 18] , few have explored relationships with breakfast size. This is important since even though rates of breakfast skipping may be relatively low amongst a particular population, this does not necessarily mean all children are consuming an adequate breakfast, and the size of their breakfast may be related to their overall diet.
Given that the breakfast programme changed the pattern of breakfast consumption across school and home [15] , the analyses also examines data collected following the introduction of the scheme to (4) compare the quality of breakfasts eaten at home versus school, as well as (5) examine associations between the consumption of two (versus one) breakfasts and daily nutritional intake.
These analyses should help provide more information about the nutritional content of school versus home breakfasts as well as address the question of whether consumption of two breakfasts could have a negative impact in terms of obesity.
Methods

Design
The study employed a repeated cross-sectional observational design embedded within a cluster randomised controlled trial, with the school as the unit of randomization [17] .
Participants
From 111 schools, 4,350 children aged 9-11 years were recruited at baseline and 4,472 at follow-up. Of the participating schools, 58 were located in 'Communities First' (less affluent) areas and 53 were located in 'NonCommunities First' (more affluent) areas. Schools were assigned to either the intervention group (the immediate implementation of the Free School Breakfast programme) or the control group (one year delay before implementation of the programme) using stratified block randomization, with strata defined by LEA, school size, free school meal entitlement, and Welsh or English as the language of tuition.
In each school 6-9 children were randomly selected to undertake the dietary recall interview. Interviews were conducted at two separate time points; baseline (during the academic years 2004/5 and 2005/6) and at follow-up 12 months later. Since children in Year 6 at baseline had moved to secondary school at follow-up, the study employed a repeated cross-sectional observational design, which meant that children who completed dietary recall interviews at baseline were not necessarily the same as those who completed them at follow-up. In total 1,322 children were interviewed although prior to analysis the data of 149 children were excluded for various reasons including: ill health, absence from school, vague or missing recall data or an inability to understand the procedure (e.g., learning disabilities or a poor comprehension or expression of the English language). After excluding children who did not eat breakfast (5 children at baseline and 5 at follow-up), 581 children (270 males, 311 females) were considered at baseline and 582 at follow-up (288 males, 294 females).
The primary school free breakfast initiative
The Primary School Free Breakfast Initiative provided a meal before the commencement of classes, without any cost to the parent. Schools running the scheme were asked to give children the option of one item from each of the following four types of food: non-sugar coated breakfast cereal; bread; milk based drinks and milk products; fruit, including unsweetened fruit juice. In practice the majority of schools offered breakfast cereal with milk, toast and fruit juice and either fresh, dried or tinned fruit.
Measures
Dietary recall interviews
Dietary recall interviews were conducted using a standardized protocol [19] , a structured multiple-pass design. The first pass required the child to tell the researcher everything they had eaten or drunk on the morning of testing and the previous day. The opening question was; "After you got up this morning/yesterday morning, when was the first time that you had something to eat or drink?", followed by the questions "What did you eat or drink at that time?" and "Did you eat or drink anything else at that time?" The same three questions were repeatedly asked until the child had recalled all the food and drink items consumed over the specified period. The researcher ended the first pass with the questions, "Is that the last time you had something to eat or drink?" and "Can you remember any other times you had something to eat or drink?" The second pass was identical to the first except in addition the researcher mentioned the recalled information to identify any items that had been forgotten or incorrectly recorded. A third pass required the children to give more details about the food and drink items consumed: for instance the name of the meal, where they had eaten the item and whether anything had been added to the meal (e.g., condiments, sugars, spreads). Details of the serving size were established using photographic visual aids [20, 21] , from which the child selected the picture that most closely resembled their serving. A final pass reviewed all previously recalled information to confirm the accuracy of the record.
Breakfast was defined as all food and beverages consumed before the start of the school day (9 am). The data were analyzed using CompEat Nutritional Analysis Software (Nutrition Systems, Banbury, UK) that uses the McCance and Widdowson food tables [22] . Where information was not available nutritional information was obtained from food labels or other manufacturer's data. The reliability of coding was established by comparing the results from pairs of coders that found typical inter-observer reliability in excess of 0.9. A nutritional profile was calculated both for breakfast and an entire 24-hr period. Where appropriate the intake was compared to the United Kingdom Dietary Reference Values [23] .
Deprivation
Deprivation was assessed for each child in terms of whether or not they were entitled to free school meals (yes versus no). These data were obtained from the Secure Anonymised Information Linkage (SAIL) databank.
Procedure
Informed consent was obtained from the school, opt-out consent was obtained from parents, and children were also informed that they were under no obligation to participate. Parents of fifteen children asked that their child be excluded. Ethical approval for the original trial was granted by the Cardiff University Social Science Ethics Committee. Ethical approval for further analysis of the dietary data was granted by the National Research Ethics Service.
The dietary recall interviews were conducted on a one-to-one basis in a quiet location in the school. The majority took place between 12.30 and 3.30 pm, though due to timetabling restrictions they were occasionally scheduled as early as 11 am. All interviews were audio recorded and 10 % of these audio-recordings were checked to ensure that each interviewer had adhered to the protocol.
Statistical analysis
The nutritional data, both for breakfast and a 24-hr period were summarized and are reported as means and standard errors. Differences between children from deprived and non-deprived households were compared using t-tests. The effect of size of breakfast on total dietary intake was considered using one-way analysis of variance. Comparison of breakfast location (school versus home versus both) on dietary intake was also examined using one-way analysis of variance.
Results
Overall diet quality Table 1 shows macro-and micro-nutrient intakes of boys and girls (n = 581) over a 24-hr period, prior to the introduction of the breakfast programme. For boys, in the cases of calcium, magnesium, iron, zinc, copper, selenium and iodine, average intake was greater than the reference nutrient intake (RNI) [23] . Similarly the average intake of vitamins A, B 1 , B 2 , B 6 , B 12 , C, nicotinic acid equivalents and folate exceeded the RNI. For sodium, the recommendation is that children aged 7 to 10 should not consume more than 2 grams a day. In our sample 65.4 % of boys and 59.5 % of girls had more than 2 grams. Although for girls the average of some of these minerals exceeded the RNI, with magnesium (intake of 185 mg c.f. RNI of 200 mg), iron (7.75 mg c.f. 8.7 mg), zinc (5.52 mg c.f. 7.0 mg) and selenium (26.3 μg c.f. 30 μg) it was less. For vitamins the average intake exceeded the RNI with the exception of vitamin A where the average intake was 492 μg compared the RNI of 500 μg.
Using an intake of 66 % of the RNI as a point at which there are reasons for concern, in boys 14.5 % failed to achieve this value in the case of magnesium, 13.4 % with iron, 24 % with zinc, 32.9 % with selenium, 25.1 % with iodine, 10.2 % vitamin B 2 and 39.9 % with vitamin A. There was, however, with all nutrients a small percentage whose intake was less than 66 % of the RNI, even when the group average was well in excess of 100 % of the RNI. For example, although the average intake of vitamin C was more than three times the RNI, 4.9 % of boys and 6.4 % of girls had an intake less than 66 % of the RNI.
Breakfast quality amongst children from deprived versus non-deprived households
Of the 581 children interviewed at baseline, 232 were excluded because of missing free school meal data. Of the remaining 349 children, the nutritional profiles of those who did and did not qualify for free school meals because of a low family income are reported in Table 2 . Intakes of vitamin B 1 , vitamin C and potassium were significantly lower in those qualifying for free school meals.
Associations between breakfast size and overall diet quality Table 3 reports the influence of the size of breakfast (prior to the introduction of the programme) on what was eaten over 24 hrs (n = 581). These were examined in 100 kcal intervals since this was considered to best reflect the range of meals consumed. Only 4 % of children did not consume any breakfast, whereas 29 % ate less than 419Kj (100 kcal), 49 % ate between 419 and 837 Kj (100-200 kcal), 12 % between 837 and 1256 Kj (200-300 kcal) and 6 % more than 1256 Kj (300 kcal). The pattern of consumption was very clear: the more energy that on average was consumed at breakfast the higher the consumption of every nutrient over a 24-hr period.
Quality of breakfasts consumed at home versus at school
In schools where the breakfast programme was introduced, of the 279 children who ate breakfast, 35 (13 %) ate it at school only, and 33 (12 %) ate it at both home and school. Table 4 lists the nutritional profile of the breakfast of those eating at home, at school and at both. There were significant differences in the energy, fat, and carbohydrate intakes. Unsurprisingly those eating two meals had an intake that was significantly greater than those eating only at home, in the cases of energy, fat and carbohydrate. Intake of potassium, chloride, selenium, folate, and vitamin C also differed with style of breakfast. In most cases the nature of the meal did not differ between school and home although significantly greater amounts of carbohydrate were consumed as part of a school rather than home-based breakfast.
Associations between consumption of two (versus one) breakfasts and daily nutritional intake Table 5 shows nutritional intake over 24 hrs among children consuming one breakfast (at home or school) or two breakfasts (i.e. at home and school; n = 279, analysis was restricted to schools where the breakfast programme was introduced). Total energy intake over the 24-hr period was higher for children who had eaten two breakfasts, but this difference did not reach statistical significance. However, there was a significantly greater consumption of carbohydrate, vitamin B1, folate, and vitamin C amongst those who ate two breakfasts.
Discussion
The results showed that, prior to the introduction of the breakfast programme, the overall quality of children's diets was good. Of the 20 vitamins and minerals examined (excluding sodium), boys' average daily intake exceeded recommended levels in all instances. For girls, average intake fell below recommended levels for nearly a quarter of the nutrients (magnesium, iron, zinc, selenium, vitamin A), but in no instance did average intake fall below 84 % of recommended levels. However, average intakes can mask individual differences in diet quality. The results also showed that between 10 and 37 % of boys had inadequate intakes of a range of nutrients, namely magnesium, potassium, iron, zinc, copper, selenium, iodine, vitamin B 2 and vitamin A. Similarly for girls, between 10 and 44 % had inadequate intakes of calcium, magnesium, potassium, iron, zinc, copper, selenium, iodine, vitamin B 2 , folate and vitamin A. Thus whilst average nutrient intake at the population level was generally good, there was a sizable proportion of children who were failing to consume sufficient quantities of a range of different nutrients. This finding is in line with other research in the UK that has shown that amongst children of this age there tends to be a subset that are poorly nourished [24] . Thus it is possible that a (13) 89 (4) 137 (5) 153 (9) 163 ( breakfast scheme could have a minimal impact on average diet, but could still make an important contribution to reducing health inequalities, particularly if it was able to target poorly nourished children. In terms of the nutritional content of breakfasts, the results showed that children from more deprived backgrounds consumed significantly lower levels of potassium, vitamin B 1 and vitamin C at breakfast. Previous analysis of the association between deprivation and breakfast with this sample has been inconsistent; whilst results showed that children at schools located in more compared to less deprived areas reported consuming fewer 'healthy' items for breakfast (i.e. fruit, bread, cereal, milk) [10] , when deprivation was assessed at the household level this association disappeared [16] . However, both these analyses employed a dietary questionnaire that simply recorded the number of items consumed. The dietary recall interview employed in the present analysis also recorded portion size and amount eaten. It therefore seems plausible that whilst there may have been little difference in the number of healthy foods children from deprived versus nondeprived backgrounds were presented with, those from deprived backgrounds may have eaten smaller quantities. This interpretation is supported by the fact that children from deprived households reported eating more unhealthy food items at breakfast [16] that may have displaced consumption of more healthy items. It is also consistent with the fact that typical breakfast foods such as fruit, bread, and yoghurt tend to be high in potassium, vitamin B 1 and vitamin C. The results highlight the importance of taking account of portion size and amount consumed when assessing children's diet. The results are also in line with other research showing lower intake of a range of nutrients among children living in households receiving state benefits [24] . Again the findings illustrate the way in which a school breakfast programme may potentially help reduce health inequalities by improving the nutritional content of breakfast consumed by children from more deprived backgrounds.
Breakfast skipping in the current study was 4 %. This figure is lower than 15-20 % reported with US children of this age [4, 9, 25] but in line with recent research conducted in the UK that found that 6 % of primary school children skipped breakfast [26] . However, the results also showed that where breakfast was consumed its size varied markedly. In particular, 29 % of children ate less than 419Kj (100 kcal). This finding illustrates the importance of considering size of breakfast as well as breakfast skipping when considering the diets of school children. Indeed, in the current sample breakfast size clearly made an important contribution to overall nutritional intake, with children who ate more substantial breakfasts having higher daily intakes of all nutrients that were examined. This supports other studies that have highlighted the important contribution breakfast makes to diet [1, 2] . Additionally, other work has shown that eating a small breakfast may contribute to poorer academic functioning. For example, amongst primary school children, eating a small breakfast (average 61 kcal) was associated with less on task behaviour in the classroom during the morning [27] . Thus eating a more substantial breakfast may be desirable from both nutritional and educational perspectives.
A comparison of breakfasts eaten at home versus school, following the introduction of the breakfast programme, showed little difference in nutritional content, with the exceptions of selenium and carbohydrate which were significantly higher in school breakfasts. However, it should be noted that since there were only 35 children in the present study eating school breakfast only, it is difficult to draw any firm conclusions from these data. The randomized controlled trial evaluation of this particular breakfast programme showed a greater consumption of healthy food items in intervention schools following the introduction of the programme, according to dietary questionnaires [15] . The current study also showed that of those who ate breakfast at school, 49 % had already eaten at home. This is a potential cause for concern since the increased energy intake could predispose to obesity [14] . In the current study analysis of total energy intake showed no significant difference between those who ate two breakfasts and those who ate one, though average levels were higher in those consuming two breakfasts. However, again it is important to note the relatively small number of children consuming breakfasts at both school and home (n = 33) as well as the fact that these findings may not generalize to other breakfast programmes where different types of foods are provided [13, 28, 29] .
In conclusion, the current study found little evidence for breakfast skipping or nutritional deficiency amongst the target population as a whole, prior to the introduction of the Welsh Assembly Government Primary School Free Breakfast Initiative. However, there was a subset of children who consumed inadequate levels of a range of vitamins and minerals, and although few children skipped breakfast, a sizable proportion (29 %) ate very little for breakfast (less then 100 kcal). This may impact upon the overall quality of their diet since there was a clear association between size of breakfast and total daily nutrient intake; those who consumed larger breakfasts had more nutritious diets overall. The results also showed that deprivation was associated with a significantly lower intake of several vitamins and minerals at breakfast. Upon introduction of the free school breakfast scheme there was little evidence to indicate significant differences in the nutritional quality of school versus home breakfasts, though the small number of children consuming only a school breakfast (n = 35) inevitably limits the power of this analysis. In terms of unintended consequences, eating breakfast at both school and home did not result in significantly higher total daily energy intake, though again the small numbers limits the power of this analysis. Overall, the results highlight the need for free breakfast schemes amongst a significant subgroup in the population. The barriers to the take up of targeted means tested interventions for such groups, highlights the importance of universal breakfasts schemes for reaching the most disadvantaged. However, in order to maximize their effects, breakfast schemes need to be used by children who need them most; children from deprived households and those who eat little or nothing for breakfast.
